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板剂的摩尔浓度为 P123:TEOS=0.009，溶胶陈化时间为 7h，薄膜老化时间为 2d，提
拉速度为 60mm/min，热处理温度为 350℃，制备的薄膜孔径达 8.2nm，透光率达
93.7%。制备的介孔薄膜具有良好的透光性。相对于 CTAB 模板剂，使用 P123 为模





性，透光率均在 80%以上。与 TMCS 相比较，使用较为廉价的 10%KH-550 溶液修
饰 18h，即可得到薄膜的接触角为 96o，透光率约为 90%。 
 

















Highly ordered mesoporous silica films are widely used in the fields such as catalysis, 
low dielectric, optical films because of their regular ordered pore structure, high porosity, 
high surface area, etc. During synthesis process of meosoprous silica films, the component 
ratio of the sol, reaction conditions, synthesis environment, post-processing of films will 
affect the formation of mesoporous structure. It is necessary to systematically optimize the 
preparation parameters. Due to the presence of various hydrophilic groups water molecules 
could be readily adsorbed on the surface of mesoporous silica films in the air, which will 
influence the property and structure of mesoporous silica films. Surface modification 
becomes an effective way in order to achieve hydrophobicity. 
In this work, the highly ordered mesoporous silica films were prepared using 
poly(oxyethylene)-poly(oxypropylene)-poly(oxyethylene) block copolymer (P123) or 
hexadecyl trimethyl ammonium bromide (CTAB) as a template, and tetraethyl orthosilicate 
(TEOS) as  silica source. The films were then modified with 3-aminopropyl triethoxy 
silane (KH-550), polymethyl triethoxy silane (PTS), trimethylchloro silane (TMCS). The 
effects of type and concentration of surface active agents, heat treatment temperature, sol 
aging time, pulling rate, film aging time, as well as the type and concentration of surface 
modifying agent, modifying time, modifying temperature on the property and structure of 
mesoporous silica films were systemically investigated. 
The highly ordered mesoporous silica films on the glass slide were obtained. The 
optimal preparation parameters were determined to be: the molar concentration ratio of 
template was P123:TEOS=0.009, the sol aging time was 7h, the pulling rate was 60 
mm/min, the film aging time was 2d, and the heat treatment temperature was 350℃. The 
pore size of the films was 8.2nm, and the transmittancy of the films reached 93.7%. The 
ordered degrees of the films prepared using P123 as a template were higher than those 
using CTAB, and the heat treatment at 350℃ could remove P123 from the silica films; 
higher heat treatment temperature improved the ordered degree of silica films, however, 
the pore size became smaller. The ordered degree of silica films decreased when the silica 
sol aging time extended. 
It was found that better hydrophobic effect was achieved after the surfaces of silica 
















modified time, and higher modified treatment temperature. The surface-modified silica 
films maintained well ordered mesoporous structure and high transparence. The 
transmittancy was higher than 80%. Particularly, the contact angle of the silica film surface 
was 96o with the transmittancy of 90% when the surface modification was carried out by 
using the concentration of 10% by volume KH-550 and the modifying time of 18h. 
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料，其代表性材料有气凝胶、M41S 系列介孔分子筛等。图 1.1 给出一些实例的孔径
范围[2]。 
 
图 1.1 多孔材料实例 




















究热点之一。图 1.2 给出的是在 ISI 数据库中，以“mesoporous”为关键词搜索的结
果，从中可以看出介孔材料发展的良好趋势。 



















图 1.2 以 mesoprous 为关键词检索 ISI 数据库 







































1992 年 Mobil 公司使用烷基季铵盐阳离子表面活性剂为模板剂，首次成功合成
出 M41S 系列介孔材料[6]。从 1992 年至今，研究者们利用不同的界面组装作用，使
用不同种类的表面活性剂和无机物种，合成很多不同结构的有序介孔材料[7]。在介
孔材料合成中发现了多种介观结构(指纳米尺度孔道有序)，多数结构能够与溶致液
晶结构相对应。表 1.1 列出了不同介观结构和介孔材料。 
表 1.1 不同结构的介孔材料归类[5] 
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